The effects of spinach leaf protein concentrate (SPPC) on serum and liver lipid concentrations and on serum free amino acid concentrations were examined in rats fed a cholesterol-free diet contain ing 2 and 10% fats. The serum total cholesterol, triacylglycerol and phospholipid concentrations in the rats fed an SPPC diet containing 2% corn oil were significantly lower than those of the rats fed a corresponding casein diet. When 10% corn oil or lard was used, the serum cholesterol lowering effect of the SPPC became insignificant, but the serum and liver triacylglycerol concentrations were kept at significantly lower levels. Both the amounts of fecal neutral steroids and bile acids were significantly higher in the rats fed the SPPC than those of the casein-fed rats. The concentrations of serum threonine, serine, glutamine, glycine, cystine, and isoleucine were significantly higher in the rats fed the SPPC diet contain ing 2% corn oil compared with those of the control rats, but when the dietary fat was raised to 10%, only glycine showed a higher serum concentration. These results indicate that the SPPC has a stronger cho lesterol-lowering effect at a lower dietary fat level, 2%, and the activity is partly due to the inhibition of intestinal absorption of cholesterol and bile acid, and partly due to an increase in the concentration of some of the serum amino acids. Key Words spinach leaf protein concentrate, cholesterol-lowering effect Plant protein has received much attention because it generally exerts a hypo cholesterolemic effect compared with animal protein. Soybean, sunflower, rice and pea protein isolates (1-10), and Italian ryegrass and alfalfa protein concentrates (11) are the representative plant proteins shown to have a hypocholesterolemic effect when compared with casein. However, the cholesterol-lowering effect of other plant protein isolates, especially the vegetable protein isolates with high purity, have not yet been fully examined. Spinach leaf protein concentrate (SPPC) 
is one of the vegetable protein isolates which can be prepared by a simple extraction method and has a high nitrogen content (12) . SPPC, therefore, is considered to be a favorable plant protein for comparing physiological functions of plant and animal proteins in experimental animals.
In the previous paper, we reported that protein concentrate from spinach leaves had the effect of lowering serum and liver cholesterol concentrations in rats fed a cholesterol-enriched diet, suggesting that this protein concentrate also exhibits stronger cholesterol-lowering action in the rats fed a cholesterol-free diet, analo gously to soybean protein isolate (12) . On the other hand, it has been deduced that the cholesterol-lowering action of plant protein is closely related to the plasma levels of several free amino acids, which may reflected the amino acid compositions of protein isolates (2, (13) (14) (15) . However, the relationship between the cholesterol lowering action of a vegetable protein concentrate such as SPPC and the serum free amino acids levels of the SPPC-fed rats has not yet been fully examined. In addition, the relationship between the hypocholesterolemic effect of plant protein isolates and the dietary fat level has also not yet been fully examined.
In this paper, the effects of SPPC on the serum and liver lipid concentrations were examined in rats fed cholesterol-free diets with a low or high (2 or 10%) fat level. In addition, the serum free amino acid concentrations of the rats fed SPPC were compared with those of the rats fed casein to deduce the mechanism for the cholesterol-lowering action of SPPC. Lipid analyses. The total cholesterol, triacylglycerol, and phospholipids in the serum were measured enzymatically with commercial kits (cholesterol E-test, triglyceride E-test and phospholipid B-test, respectively; Wako Pure Chemical Ind., Osaka, Japan). Serum HDL-cholesterol was enzymatically measured in the super natant obtained after heparin-Mn precipitation of the other lipoprotein (16), using a commercial kit (HDL-cholesterol test, Wako Pure Chemical Ind.).
MATERIALS AND METHODS
Liver lipids were extracted and purified by the method of Folch et al. (17) , and the total cholesterol in the lipid extract was determined enzymatically using a Monotest commercial kit (CHOD-PAP method, Boehringer Mannheim Yamanou chi Co., Tokyo, Japan). The other lipids were determined with the same kits as those used for determining the serum lipids.
Fecal neutral steroids and bile acids were extracted with ethyl alcohol under reflux as determined by Sautier et al. (18) . The amounts of neutral steroids were determined by gas chromatography using a column of 3% silicone OV-17 on Uniport HP (GL Science Co., Tokyo, Japan) as previously described (19) . The amount of bile acids dissolved in isopropyl alcohol after evaporating the ethyl alcohol extracts was measured enzymatically by the procedure of Mashige et al. (20) , using Wako commercial kit (bile acids-test).
Amino acid analysis. A 0.5-m1 aliquot of the serum was mixed with 0.06ml of 20% sulfosalicylic acid, left overnight, and centrifuged. The supernatant obtained was analyzed on an ion exchange column (Li+form) for amino acids using an Atto MLC-703 amino acid analyzer.
Statistical analysis. Means and standard errors of the mean were calculated and Student's t-test was used for comparison between two independent groups. Differences between the groups were considered significant at the p<0 .05 level. Table 2 . Effects of spinach leaf protein concentrate on the growth, food intake, liver weight, serum and liver lipid concentrations, and the amounts of fecal excretion of steroids in the rats fed the cholesterol-free diet containing 2% corn oil (Experiment 1). 
RESULTS
Serum and liver lipid concentrations, and serum free amino acid concentrations in rats fed the SPPC diet containing 2% corn oil The effects of SPPC on the serum and liver lipid concentrations in the rats fed the cholesterol-free diet containing 2% corn oil are shown in Table 2 . There was no difference in body weight gain or food intake between the rats fed the casein and SPPC diets. The concentrations of serum total cholesterol, HDL-cholesterol, triacylglycerol and phospholipid were significantly lower in the SPPC-fed rats (SPPC+2Co group) than those in the control rats (casein-fed rats: C+2Co group). The liver triacylglycerol concentration of the SPPC-fed rats was signifi Table 3 . Amino acid composition of casein (C) and spinach leaf protein concentrate (SPPC) and the concentrations of serum free amino acids in the rats fed casein or SPPC diets containing 2% corn oil (Experiment 1). cantly lower than that of the control rats. The amounts of fecal total lipids, cholesterol and bile acids excreted from the rats fed the SPPC diet were signifi cantly higher than those of the control rats. The serum free amino acid concentrations of the rats fed casein and SPPC diets containing 2% corn oil are shown in Table 3 , together with the amino acid compositions of SPPC and casein reported previously (12) . The concentrations of threonine, serine, glutamine, glycine, cystine and isoleucine were significantly higher in the rats fed SPPC than in the control rats.
Serum and liver lipid concentrations, and serum free amino acid concentrations of rats fed the diets containing 10% fat As shown in Table 4 , neither the food intake nor body weight gain of rats fed the SPPC diet containing 10% corn oil were significantly different from those of the rats fed the casein diet containing 10% corn oil. On the other hand, both food intake and body weight gain of the rats fed the SPPC diet containing 10% lard significantly decreased compared to the lard control rats. The serum and liver triacylglycerol concentrations of the rats fed the SPPC were significantly lower than those of the control rats, regardless of the kind of fat. However, the serum total cholesterol concentration of the rats fed the SPPC diet was not different from that of the control rats, regardless of the kind of fat. The liver total cholesterol concentration of the rats fed the SPPC+10Co diet was also not different from that of the rats fed the casein+10Co diet, but it decreased significantly in the SPPC-fed rats compared to the casein-fed rats, when 10% lard was included in the diet instead of 10% corn oil. The amounts of fecal neutral steroids and bile acids excreted from the rats fed SPPC were significantly higher than those of the control rats, regardless of the kind of fat added to the diet.
The serum free amino acid concentrations of the rats fed the SPPC diets containing 10% corn oil or 10% lard are shown in Table 5 , together with those of the respective control rats. Only glycine showed a significantly higher concentra tion by feeding the SPPC diet, regardless of the kind of fat. In addition, the concentrations of valine and leucine decreased significantly in the SPPC+10Co group, compared with the casein+10Co group, and those of cystine and histidine decreased significantly in the SPPC+10L group compared to the casein+10L group.
DISCUSSION
The concentrations of serum total cholesterol and triacylglycerol, and of liver triacylglycerol, showed a significant decrease in the rats fed the SPPC diet contain ing 2% corn oil (SPPC+2Co group) compared to the rats fed the casein diet containing 2% corn oil (C+2Co group). The excretion of cholesterol and bile acids into the feces was greater in the rats fed the SPPC+2Co diet than that in the rats fed the C+2Co diet. These results suggested that the lowering of the serum cholesterol observed in the rats fed the SPPC was brought about in part by an inhibitory effect of the SPPC on re-absorption of cholesterol and bile acids in the small intestine. On the other hand, the concentrations of serum threonine, serine, glutamine, glycine, cystine, and isoleucine in the rats fed the SPPC+2Co diet were significantly higher than those of the rats fed the casein+2Co diet. However, when the dietary level of corn oil was raised from 2 to 10%, only the serum concentration of glycine showed a marked increase, and the magnitude of the serum cholesterol lowering action of the SPPC observed in the 2% corn oil-fed rats was no longer statistically significant. Since glycine, cystine, glutamic acid, and threonine are amino acids which are considered to lower the serum cholesterol level (13, 15, 21 30) , and since glutamic acid may be easily formed from glutamine in vivo, the stronger cholesterol-lowering activity in the rats fed SPPC in 2% corn oil may be partly related to an increase in those amino acids in the serum. Horigome and Cho (15) measured the concentration of serum free amino acids and cholesterol in the rats fed soybean protein and casein diets with 2% corn oil, in which blood was drawn after 12h of fasting, and suggested that a higher concentration of glycine and a lower concentration of alanine in the serum of the soybean protein-fed rats, compared with the concentrations of those serum amino acids of the casein-fed rats, may be strongly related to the lower serum cholesterol concentration. In this study, the serum concentrations of glycine and alanine in the rats fed the SPPC+2Co diet showed a significant increase and a tendency to decrease, respectively, compared with those of the control rats (casein+2Co group), and furthermore, the serum cholesterol concentration of the rats fed the SPPC+2Co diet was lower than that of the control rats. On the other hand, although the serum glycine concentration of the rats fed the SPPC diet containing 10% fat was higher than that of the rats fed the casein diet containing 10% fat, the cholesterol-lowering action of SPPC observed in the rats fed the 2% fat diet was almost lost. These results, similar to the observation obtained by using soybean protein diet (15) , indicate that SPPC lowers the serum cholesterol only when it is included in a low fat diet, and that an increase of the serum glycine concentration, by feeding SPPC, may be related to the lowering of the serum cholesterol concentration only when a low fat diet is used. However, it is necessary to determine elsewhere whether the increases of threonine, serine, glutamine, cystine, and isoleucine in the serum of rats fed the SPPC+2Co diet are also related to the cholesterol-lowering effect of SPPC. Since it is known that a high dietary fat level, compared with a low dietary fat level, stimulate cholesterol synthesis in vivo (31) , no differences in the serum cholesterol concentra tion between the rats fed the SPPC diet containing 10% fat and those fed the casein diet containing 10% fat indicate that the cholesterol-lowering effect of SPPC may be reduced in the rats being stimulated with cholesterol synthesis.
When the effects of SPPC on the serum and liver cholesterol concentrations were examined in the rats fed the diets containing 10% corn oil and lard, almost no differences were observed between SPPC and casein, except that the liver total cholesterol concentration was significantly lower in the SPPC diet containing 10% lard than in the casein diet containing 10% lard, indicating that the effects of SPPC on the serum and liver cholesterol concentrations were almost not influenced by the kind of fats added to the diet at the 10% level, and that the cholesterol-lowering action of SPPC in the liver was stronger in the 10% lard diet than in 10% corn oil diet ( Table 4 ). The serum and liver triacylglycerol concentrations of both rats fed the SPPC diets containing 10% corn oil and 10% lard were significantly decreased, compared with those of the respective control rats, but the ability of SPPC to lower serum and liver triacylglycerols was weaker in the 10% fat diet than in the 2% corn oil diet. This result indicates that SPPC has the effect of lowering the serum and liver triacylglycerol concentrations not only in a low fat diet but also in a high fat diet. One reason for the lower serum and liver triacylglycerol concentrations in the rats fed SPPC may be the inhibitory effect of SPPC on the intestinal absorption of lipids, because fecal excretion of lipids was higher in the SPPC-fed rats than in the casein-fed rats.
